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ABSTIRACT

Normal concentrations of electron density in the earth's iono-

sphere and changes in these concentrations associated with various

disturbances, both natural and manzade, have been investigated by

a series of eight rocket and satellite payloads. Instritments for

seasuring fine scale: long-term deviations and short term, larger

scale deviations in electron density and other related parameters

have been included in each payload. This report details instru-

mentation and presents brief results of the e=perments developed

by Upper Air Research Laboratory, University of Utah for each of

the following programs:

Aerobee 150 (3.614) - D-region, gyro-interaction

Four Nike-Hydacs - Solar eclipse (12 November 1966)

0V2-3 Satellite - Electron density ar synchron-
ous orbit altitude

0V3-2 Satellite - F-region electron density
(polar orbit)

Javelin (19.191) - F-region irregularities -
pulse-phase delay experiment
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INTRODUCTION

During the period of this report, a total of eight vehicles includ-

ing six rockets and two orbiting satellites, having payloads containing

experiments designed by Upper Air Research Laboratory, University of

Utah, under contrat No. AF 19(628)-5044, were launched from geographi-

cally diverse sites. The sites included Cassino, Brazil: Eglin Gulf

Test Range, Florida; Wallops Island, Virginia; and Vandenberg Air Force

Base, California. The operational altitudes for the various experiments

ranged from 35,000 km (synchronous orbiting satellite) to the lower D-

region of the ionosphere. Although multiple phenomena were investi-

gated, all experiments were designed to obtain measurements of elec-

tron density and related parameters in various areas of, and under

different situations in, the ionosphere.

Inasmuch as the experiments, vehicles, and locations of firings

were of such a diversified nature, a separate section of this report

is devoted to information pertinent to each instrumented vehicle.

Four scientific reports pertaining to several experiments developed

under thiu co:Ltract were published during the contract period [Linford

and Baker, 1966; Seljaas and Burt, 1967; West'und and Llttlefield,

1967; Alley et al., 1967]. These scientific repurts thoroughly cover

the instrumentation and application of these experiments. Where fea-

sible, this report references the applicable scientific report and

coverage is confined to a brief summary. The experiments not covered

by scientific reports are thoroughly discussed In this xaport.



Table 1 provides a complete summary o~f the rockers, satellites, launch

1c--tioas, launch dates, and experiments contained in each payload

uhich were provided by the Upper Air Research Lalboratory.

TABLE 1. Summary of Rocket Launchings and Experiments

Vehicle and --x-periwent and instruments L.aunch Launch Date
Designatlon- ':aiversity of Utah Site Launch Time

Aerobee 150 D-reazon, aura ineraction~ Eglin, Fla. 246 Aug 1965
3.614 Gyro zteating transmitter 1303 (local)

Sensing wave receiver
Difference freauency receiver
Standing wave impedance probe
Radiometer
Relative radiarad power monitor
B-region propagation experiment
Electron temperature probe

0V2-3 Electcron denzitl: at szincion- Cape Ken- 21 Dec 1965
Satelite ous orbit a7zlitude nedy, Fla.
Titan III Standing urave impedance probe

Javelin F-reaion irregularities Wallops, 28 June 1966
19.191 Downward pulse-phase exp. Island, Va. 1223 (local)

Electron temperature probe

Nike-Rydac Solar eclipse Cassino, 5 Nov 1966
Certification Star-ding wave impedance probe Brazil 1155:21 (local)
Round

Nike-llydat Solar ec'ipse Cassino, 12 Nov 19356
D-4 Langmuir probe Braz~il 1155:19 (local)

Standing wave impedance probe

Nike-Hlydac Solar eclipse Cassino, 12 Nov 1966
D-11 Langmuir probe Brazil 1208:37 (local)

Standing wave impedance probe

Nike-Hlydac Solar ecliroe Cassino, 12 Nov 1966
D-13 Langmuir probe Brazil 1222:30 (local)

Standing -iave impedance probe

0V3-2 F-region Vandenberg 28 Nov 1966
Satellite Standing wave impedance probe AFB, Calif.
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AEROBEE 3.614

The strong interaction between radio waves and the ionosphere

when excited in the vicinity of electron gyrofreauency has been de-

noted as gyro-interaction (BaiZey, 1937a,b, 1938]. At this angular

frequency given by wH = B e/m, e/m is the electronic charge-to-mass

ratio, B is the terrestrial magnetic field , the electrcns spiral

outward, reaching high velocities and huge displacements. If the

radio wave is of sufficient strength, the resulting increased energy

and collisions will cause noticeable heating and increased electron

density by detachment from negative ions and by ionization of neutral

molecules. These induced disturbances provide a technioue for in-

vestigation of the D-region of the ionosphere where the relatively high,

ambient, neutral particle density results in sufficient collisions to

produce appreciable effec.s. In particular, the increased electron

density and collisional frequency and their rate of decay to ambient

provide valuable information on the rate coefficients for electron

loss processes. An Aerobee rocket (3.614) was instrumented by Upper

Air Research Laboratory to produce such a disturbance and provide a

means of measuring the associated parameters. Table 1 lists the

experiments contained in this rocket payload and some particulars

pertaining to the vehicle launching. A complete documentation of

experimental objectives, instrumentation and flight results appear

in previous scientific reports [Alley et al., 1967; Westlund and

Littlefield, 1967].
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SOLAR ECLIPSE ROCFITS AM AYAS

In order to study electron and ion densities, ionizing radiation

fluxes, and the resulting reaction rates in the D-region of the iono-

sphere during the total solar eclipse of 12 November 1966, instruments

were carried aloft by four Mike-Eydac rockets launched from Cassino,

Brazil. The four payloads were essentially identical. One, a Va-load

certification taund, was fired on 5 Xovember 1966, and the three re-

maining rounds were fired during different phases of the eclipse -mm

12 November 1966. Table 2 lists launch dares, times, and locations

along with other particulars for each vehicle. Complete docuentation

of the plan of attack, instrumentation, and other particulars concern-

ing these four rockets was previously reported [EeZ.aas md 5urt 1967].

TABLE 2. Launch Times for Eclipse Pockets

Rocket Launch Time* Tine from, Aprcxinare
Designation Latmch Date (Local Time) totality, apogee, ku

ain & sec

Certification 5 Kov 1966 1-55:21 - 95.7

Round

D-4 12 Nov 1966 1155:19 -16:00 115.0

D-1 12 Nov 1966 1-298:37 -01:23 115.0

D-13 12 Nov 1966 i222:30 +12:3C 115.0

, Local Time = Universal Time -2 hours
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O2-3 5CEOYO-S 03ITG SATLLLITE

The 0C2-3 satelite resulted from the developmental progra for

the litan III rocket systex. Mhe satellite was designated as a

secondary, nn-Jn:erferinV p yload, and was tr I-- carried into orbit

during developmental tests of the Titan ve7dcle.

Thepri1 ary mission objective of the 012-3 spacecraft involved

-11acinr the s:Lscecxraft vith its complement of scientific experiments

into a near synchccr._.s or geo-srationary, circular orbit (=33,000 ka)

and acctiuxlating the opti-- amount of data from the onboard space

environment sensors for the period of one year.

SCIENTIFIC PAYLMAD

Subsystems for the satellite were primarily assembled from the

developed experiments that had been flight proven on previous pro-

grams. A standing wave impedance probe (SEIP), developed by Upper

Air Research Laboratory, University of Utah, was included to measure

electron censity at the orbital altiude of the spacecraft. The

instrument has yielded these measureaents with a hni degree of suc-

cess in numerous rocket and satellite applicat ions [HEacoO " et az.,

1964; 'Z:'i, et al., 1965; Baker et al., 1967].

The SVIP seafures electron density by d--ermining the impedance

changes of an antenna immersed in an ionized medium. The impedance

is measured by applying RF sivnals to the antenna through a sag-

mented, lumped constant, tapped delay line and measuring the tap

point voltages. The information thus obtained, wnen telemetered to
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ground, is sufficient to reconstruct the antenna standing wave, and

hence to determine the antenna impedance, which is directly related

to electron density in the medium local to the antenna. The standing

wave impedance probe techniques and systems have been described in

detail elsewhere [Haycock a d Bake.er 1961; UIZ~ick et aZ., 1964]- how-

ever, the extreme altitude (=33,000 km) of the planned orbit and the

extended operating life requirement of the spacecraft dictated special

application techniques and physical configurations to be used for this

satellite instrument.

The anticipated range of plasma frequencies of the ionized medium

to be investigated is the primary consideration when selecting RF fre-

quencies to the greatest advantage on the SWIP antenna. The plasma

frenuency is directly related to the number of electrons per unit volume

in the medium, and is given as

f = 9 x 10- 3 xA

where

fN (plasma frequency) is in 11hz

3
N is number of electrons per cm

As can be seen from the graphic portrayal of the reactance of a dipole

antenna immersed in a plasma in Figure 1, when the plasma frequency

equals the antenna operating frequency f0, a resonant condition is

achieved wherein the reactance of the antenna changes from highly cap-

acitive to highly inductive value. Values of fN above resonance will

In actuality, the resonant frequency is shifted slightly due to
the effect of the earth's magnetic field (a consideration that will be
discussed shortly).



%4t'-TUnMED REACTANCE
w -'

z 44 REG3ION OF
4 - OPTIMUM

t OPERATION

zz

ZREACTANCE fN f WHERE f~i AND fO>>fH

fo CONSTANT

INCREASING N,ftN-

Fig. 1. Graphic portrayal of the reactance as a function of N of
a dipole antenna immersed in a plasma and excited at a frequency (f 0).



8

result in positive antenna reactance whereas lower f will give cap-

acitive values that are a direct function of fN: and hence, measure-

ments utilizing the negative reactance portion of the curve are most

accurate and dictate use of operating frequencies above fN' thereby

reducing the physical size of the components. To achieve accurate

measurements, it is necessary to reduce the magnitude of the imped-

ance by shifting the reactance to some value nearer zero. This can

be accomplished by adding an inductance in series with the antenna

and shifting the reactance curve to those values indicated by the

dotted line in the graph.

The useful area in the negative reactance region of the curve is

also limited, however, because flattening of the curve as N decteases

eventually creates a condition where even relatively large changes of

N produce negligible changes in reactance. As N increases toward the

point where fN = f, however, larger reactance changes result with

smaller N changes. A reactance change (AX) of 5 ohms is adequate for

accurate measurements with the SWIP. This point, illustrated in

Figure 1, on the graph indicates the smallest quantity of electrons

that can be accurately measured in this application for a given fre-

quency, and inversely, the highest frequency that will yield useful

measurements for a fixed N. This, of course, limits the values of N

that can be measured effectively by any particular f and, indeed, makes
0

necessary an estimation of N before fo0 can be assigned. The lowest

useable frequency is dictated by fN of the medium.

A rough estimation of N for the desired orbit was obtained from

the information shown in Figure 2. The electron densities in the areas
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3f

Fig. 2. Electron densities at high altitudes as derived from
nose-whistler data.

shown have been determined from nose-whistler data [5hmth, 1960]. Exam-

ination of the data for approximately 5 earth radii shows a value of

3approximately 30 electrons per cm . Insertion of this value into the

formula for fN yields an fN at 5 earth radii of approximately 0.05 Inz.

Although data for the altitude with which the satellite is concerned is

sparse, theoretical considerations indicate day-night variations on the

order of a factor of 10 and also seasonal variations of similar magni-

tudes. Variations due to increased or decreased solar activity have

also been postulated. The mission of 0V2-3 would hopefully add to the

existing data and provide an additional source of information.

An additional consideration when determining the f of the probe0

must take into account the gyro frequency fH of the medium. If the

operating frequency is not large compared to f the accuracy may be
H'

impaired and a more complicated theory must be used.
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The gyro frequency is given as

84

fH e-- B

H 21m

where

e = electron charge

m = electronic mass

B = earth magnetic field

Since B decreases approximately as

Bi i _

where B is the magnetic field measured at a reference distance R, it
00

is noted that the magnetic field at 5 earth radii is greatly reduced

from those values encountered at lower altitudes to a value of ap-

proximately 5 khz. This value is sufficiently below the fN of the re-

gion so that it can be ignored in choosing the operating sequences.

Based upon the above considerations of fN and fH9 two operating

frequencies were assigned to the standing wave impedance probe; 0.3 Mhz

and 0.6 Mhz were expected to provide adequate coverage of N variations

in the orbital area.

Aside from the lower RF frequencies utilized on the probe, one

additional deviation from usual application design was incorporated.

This consisted of decreasing the rate of sampling the tapped line, At

lower altitudes, aboard non-orbiting rocket payloads, high sampling
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rates are necessary because of rapid fluctuations of electron density.

At the OV2-3 satellite orbital altitude, however, only long term rates

of change were expected, taking place over periods of several minutes

or longer. For this reason, much lower sampling rates were considered

adequate to detect the long term changes. These rates were set to

sample the standing wave created by each frequency one time per minute

during satellite operation periods.

Orientation of the probe electronics with respect to the satel-

lite is shown in the drawing of Figure 3.

ELECTRONIC CIRCUITRY

A block diagram of the probe circuitry for the spacecraft is shown

in Figure 4. The signals from the 0.6 Mhz and the 0.3 Mhz oscillators,

shown in the block diagram, are alternately applied through the tapped,

lumped constant delay line to the antenna for periods of 30 seconds each.

Control of the oscillator switch, which alternately selects one of the

two oscillator signals, is achieved through manipulation of the sync

input pulse from the spacecraft commutator. This synchronizing pulse

consists of a 0 to +10-volt square wave of one-second duration with a

repetition rate of one pulse each 30 seconds. Two outputs are taken

from the bistable multivibrator to control the oscillator switch. The

output of the oscillator switch is an RF signal alternately of 0.3 Mhz

or 0.6 Mhz. This signal is fed to the tapped lumped constant delay

line and then to the antenna through the matching network which trans-

forms the antenna reactance to a small value at the two frequencies.

I
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The standing wave on the tapped line is monitored at eight points,

diode rectified, amplified, and fed out of the probe to the spacecraft

commutator and telemetry transmitter. Figure 5 is a portrayal of pulse

configuration and time sequencing for the probe, and Figures 6, 7, and

8 are schematic diagrams of the probe.

The OV2-3 spacecraft configuration required that the probe an-

tenna, which must be relatively long for the low operating frequen-

cies, be am extendable type which could remain in the collapsed or

folded configuration until the orbit of the spacecraft could be es-

tablished; and then upon comand, the antenna was to be extended to

its full length. To accomplish this, the probe utilized the 30-foot

De Havilland model A-18 antenna unit. The antenna is composed of an

unfurling, beryllium copper element which is stored on a drum until

extended. Principles of operation for the antenna unit are shown in

Figure 9.

Calibration information for the 0V2-3 standing wave impedance probe

are included in Appendix A.

LAUNCH AND FLIGHT RESULTS

On 21 December 1965, the Titan vehicle carrying the 0V2-3 space-

craft was launched from Cape Kennedy, Florida. Proper orbit of the

satellite was not established, the satellite was not located; and it

is assumed that the spacecraft failed to orbit.
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0V3-2 SATELLITE

The 0V3-2 satellite was designed to be carried into orbit from

Vandenberg Air Force Base, California, by a Blue Scout rocket. The

satellite incorporated a standing wave impedance probe developed by

Upper Air Research Laboratory, University of Utah. The purpose of the

probe was to provide measurements of electron density local to the or-

biting satellite in the ionospheric F-region. The planned orbit for

the satellite was nearly polar and included an apogee and perigee of

approximately 1760 and 250 km, respectively. The orbit made the satel-

lite particularly useful for studies of high altitude auroral effects.

The probe operating frequencies were set at 2.0 and 7.2 Mhz to encom-

pass the expected electron density variations.

A block diagram of the standing wave im;?edance probe used on this

satellite is shown in Figure 10, and the t 'ing sequence is included

in Figure 11. The probe is similar in many respects to that incor-

porated in the 0V2-3 system, but there are some significant differen-

ces between the two probes.

In contrast to the 0V2-3 probe, which was concerned primarily with

measuring fine scale, long term deviations in electron density from its

geo-stationary position, the 0V3-2 probe operated at much lower alti-

tudes and was primarily concerned with detecting faster and larger

magnitude ionospheric cross-sectional deviations in electron density.

Because of the lower orbit and differences in apogee and perigee, ex-

pected electron density values were greater and hence the deviations

were far greater. These conditions combined to create a need for much
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Fig. 11. Pulse configuration and timing sequence for 0V3-2
star-ding wave impedance probe.
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higher operating frequencies in order to maintain overatton &n the

desired portion of the reactance curve and also necessitated the use

of faster sampling rates in order to adequately monitor electron den-

sity.

To facilitate the need for faster sampling rates, a scheme for

monitoring the standing wave impedance probe was devised which permit-

ted sampling the standing wave as often as possible. The spacecraft

commutator to which the probe was assigned was a 120 segment, one revo-

lution per second device. The switching rate for the probe was con-

trolled by the commutator, i.e., 2.0 Mhz for one second, 7.2 Mhz for

one second. The tapped delay line for the probe provided six monitor-

ing points for inclusion on the commutator in the normal fashion; how-

ever, this allowed only one sample of the complete standing wave each

second. To provide a higher measuring rate, seven additional monitor-

ing segments were provided on the 120-segment commutator. The fifth

tap point of the delay line was tied to each of these seven segments.

Therefore, each ccmplete commutator revolution provided a complete

monitor of the standing wave and seven additional indications of the

voltage present at the fifth tap. By referencing these additional,

fifth tap point voltage indications to the complete monitor of the

standing wave, a more comprehensive monitor of fine scale deviations

in electron density is provided. The time sequencing of the commutator

sampling configuration is shown as a portion of Figure 11.

Another contrast with the 0V2-3 probe is provided by the fact that

the 0V3-2 instrument utilized a balanced dipole antenna rather than a
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single unbalanced unit as on 0V2-3. This aspect complicates the cir-

cuitry slightly but simplified calculation of free space antenna im-

pedanci. In the talanced dipole application, the locus of all the zero

potential points in the space surrounding the payload is a plane per-

pendicular to the axis of the antenna through the axis of the payload.

This situation can be easily recreated for measuring antenna impedance

during preflight calibration [Linfb.d and Baker, 1966].

Finally, the 0V3-2 satellite utilized a tape recorder which, upon

command, was capable of recording data during a complete orbit, then

replaying and transmitting the accwuulated data upon command during a

pass over a control station. Also, the satellite incorporated facili-

ties for monitoring and transmitting data on a real time basis. This

real time function, however, must be accomplished within the transmit-

ting and receiving range of a command station.

The overall electronic circuitry for the OV3-2 standing wave im-

apedance probe is included in Figures 12 through 15. The two matching

networks, one at each antenna, were designed to accomodate both the

2.0 and 7.2 Mhz output signals and are shown as a portion of Figure 15.

Although this unit utilized'two antennas, they were of the same

type utilized on OV2-3, i.e., the 30-foot De Havilland A-18 design,

as shown in Figure 9.

Complete calibration documentation for the 0V3-2 SWIP is contained

in Appendix B.
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0V3-2 LAUNCH AND FLIGHT RESULTS

The Blue Scout rocket employed to orbit this satellite was launched

from Vandenberg Air Force Base on 28 October 1966. A satisfactory polar

orbit with an inclination of 820 and apogee and perigee of 1597 kan and

320 km, respectively, was established for the spacecraft. A malfunc-

tion in the satellite command system prevented the standing wave im-

pedance probe from operating during the first week of the satellite's

lifetime; however, a way Gf circumventing the abnormal logic circuitry

was found and power was applied to the impedance probe. Preliminary

and subsequent reports indicate that the impedance probe is function-

ing normally and useful data pertaining to electron density local to

the spacecraft are being accumulated. At the time of this writing,

the SWIP is still providing good data on a real time basis; however,

a malfunction in the tape recorder has eliminated the stored data func-

tion. Real time data depends upon the presence of a ground control

receiving station, and this aspect of the real time function limits

the areas where the measuring capabilities of the instrumented space-

craft may be applied.
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JAVELIN 19.191

This rocket payload was designed to measure fine-scale fluctuations

of electron density and teu:erature in the quiet F-region of the ionosphere.

To achieve this objective, the instrumentation was to be carried into

the F-region by the four-stage Javelin rocket shown in Figures 16 and 17.

Predicted vehicle trajectory for an effective launch elevation of 800

gave an apogee of 620 km. After leaving the dense portion of the atmo-

sphere, the payload heat shield would be ejected, antennas deployed,

and the operating payload would then independently perform measurements

of electron density and temperature local to the rocket. The two widely

spaced ground stations, one located at the Wallops Island launch site

and the second down range at Bermuda, permitted simultaneous, cross-sec-

tional views of the ionosphere.

The rocket payload was comprised of three experiments developed

by the University of Utah to achieve the desired measurements:

1. Pulse-phase delay experiment (prime experiment)

2. Standing wave impedance probe

3. Stepped electron temperature probe

Other instrumentation was included aboard the vehicle for measuring

payload aspect, initiating and implementing timing sequences, and two

telemetry links. Although the above instruments and their related

antennas were designed and built by University of Utah personnel, inte-

gracion of the vehicle payload was under the direct supervision of AFCRL

engineers. Instrument locations aboard the payload and the nose cone

heat shield are shown in Figures 18 and 19. Tab3e 3 includes time

functions and related parameters.
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TABLE 3. Timed Functions* for Javelin 19.191

Event Time Altitude Velocity
(sec) (kin) (fps)

First stage ignition 0 0 0
(Honest John)

First stage burnout 4.8 1.2 1647
(drag separated from first)

Second stage ignition 9.7 3.4 1310
(Nike)

Unlatch pin fired 11.7 X X

Second stage burnout 13.0 5.4 2630
(drag separated from third)

Third stage ignition 25.0 13.0 1808
(Nike)

Third stage burnout 28.35 16.1 4381%
(roll rate = 7 (rps)

Fourth stage ignition (X-248) 60.0 49.5 3156
(blow out diaphram separate
from third)

Fourth stage heat shield 62.0 x x

release

Fourth stage burnout 101.4 120.1 10,827

Payload heat shield eject. 126.4 191.5 10,143

Antenna erection 131.4 X X

Fourth stage apogee 448.0 622.3 4736

Fourth stage impact 896 0 x

Information is predicted performance



36

EXPERIMENTS

Pulse-Phase Delay

The pulse-phase experiment was employed to determine integrated electron

density between the rocket and the ground stations. Electron density is

related to the group delay and phase velocity of RF pulses transmitted

from the rocket and is attained by measuring these parameters. To obcain

the measurements, the transit time and phase velocity of probing signals

near the critical frequency of the ionospheric layer under investigation

are compared with those of a much higher frequency reference signal which

suffer negligible effects during transit. This system, including the

two associated ground stations, has been discussed in detail in a previous

report [Baker and Allred, 1965].

The major portion of the pulse-phase experiment remained unchanged

from the system described in that report, but design changes were made to

the 92-Mhz transmitter after the report publication date. As previously

designed, the 92-Mhz transmitter proved very unstable when exposed to

changes in temperature. This condition, was corrected by completely re-

designing the transistorized portion of the transmitter. A schematic

diagram of the newer transmitter design is shown in Figure 20.

The transistor doublers and amplifier were changed from a common

base configuration to a conra emitter design. Both parallel and series

tuned circuits were incorporated to isolate the desired signal from the

different harmonics in the doubler and quadrupler. The tube output

stages remained unchanged except that an improved physical layout was

used throughout.

This new model proved superior to previous designs and was highly

satisfactory in providing a stable CW output of 18 watts.



I

37

w i
2 j

uw

'Aa

I cc C

I75-' ' 'i' *
------------------- ----- 4 :

1 5I

IL -r4

I I
III

1I.I " Ia ' I w

r - - - - -

... . . . . .. ... .. .. .. I * . .. . -S.
:I 1 I 1I 'u

iIi : I

- -

I g*, ,
,_ .a a



The sading imsve imeaooe proe included In de Javelin pzyload

to provide local electr-om density - soperated at fE 46ciS

of 3.0 and 7-2 Maz. 7Ibis Inscrcment was esseatially Identical to the

unit farladed in the Maload of scieatific: passenger pod, capsule N-33

[B~ettc.. L965]; and sinCe theZVe Os 20Major 131di-FIcICIOU Of

this Lastrumet, refzereace is mde to the above report for docaearaciom.

Complee calibratom for dais probe is given ft Appendix C.

Ste-a Electron Tenceratire Probe

ITbe step electron taerature probe uas Identical to the wwit CO-

tained fn scientific passengr pod. capsule 3-25 [&Spot* e- at,., 19651

ith the exceptioa that tike associated plsa~ freqeency probe electronics

were replaced by the plaa saeep oscllator anmd san cma carreat muiteor.

in all other respects the probe was Identical to that of capsule N-25;

and for &mumenration, the reader :is referred to that report- Cmplere

calibration data for the Imtsrment Iz included lai Apipeadix C.

The antenna current moitor mentioned In the preceding paragraph

consisted of a currXent transformer at the antenna of the step electron

temperature probe, and an aelifier to condition Coe sigaal for telemetry

transmiesion.

TWO 4-watt PM/FH telemetry transuitters were included in the vehicle.

Channel assignments and coamutator assignmkents for the tvo transmitters

are given in Tables 4 through 6.
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MAE4- Tle"Llanery hssigin23s - 19-191I

Lisk 1 -2A0.2 Waz

10-kkZ sigmal PUILSe madlated aC JG bZ !-gdtk 5 SIM11CO~ PaLse

Link 2- 231.4 Mfa z

uChamel Fbuluewy Dk~ ama Descripcloa

1870.0 Ye. probe data

17 52.5 IF carreac

16 40.0 ILO x30JI
Impedance probe

15 30.0 Fin~e freuecy

14 22.0 10 x 30IT.
nonitor coinaacor

13 14.5 Temp. probe gain
aairor

12 10.5 Bousekeepin cacator

a 3.0 LcnDg. acoeleromerer

7 2. 3 Roll race gyro

6 1.7 !at. acceieromter

5 1.3 Magnec~ometer



TAE 5. lMioDoc racor iData Assigaeacs - 19.191

10 30 aIG _lG zel. 14 i

I
(camelaa

-i) volts caibrat2o

2 -. volts ca''I-bracice

3 +2.5 volts calibration

4 Temperatre antesna voltage

5 Temp. mode badicator 1

6 Plasma rea ot 1

7 Plasma readoct 2

8 Plasma readout 3

9 Tewp. fMbe freqaecy

10 S.T.I

12 S.T. 2

12 Pulse-phase IN 1

13 Plasm readoct 3

14 Pulse-phase IM 2

15 Pulse-phase TH 3

16 Temp. antenna voltage

17 Temp. node !ndicator 2

18 Plasma readout 3

19 Pulse-phase IM 4 (92 Mhz uf)

20 Anterna 1 position

21 Antenna 2 position

22 Temp. fine fr.quency

23 Plasma readout 3

2' Ancenna 3 position

25 Antenna 4 position

26 S.T. I

27 S.T. 2

28 Plasma readout 3

29 Frame ro'adout +5 v

30 'Frame readout +5 v
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STABIZ 6. HoL-sekeeping Coetator Data Assignments - 19.191

2.5 x 30 IMIG IRIG Channel 12 10.5 khz

Data

1 Radial accelerometer

2 Aspect eye temp. #3

3 Aspect eye temp. 14

4 Aspect eye temp. 15

5 Bi monitor for radial acce-..

6 Radial accelerometer

7 Aspect eye voltage cal.

8 Nose cone non. pul- pins

9 Longitudinal accelerometer

10 Temperature ckt. calibration

11 Radial accelerometer

12 Temp. #1 (battery box)

13 Teav. 52 (T/M XDR)

14 Temp. #3 (payload side)

15 Temp. #4 (top of deck #I)

16 Radial accelerogeter

17 Temp. #5 (bottom of deck #1)
18 5v calibratk-

19 2.5v calibration

20 Ov calibration (gad.)

21 Radial accelerometer

22 Nose cone mon. #1, 00, 900

23 Nose cone son. 12, +45* -450

24 Long. accelerometer

25 B+ monitor for long. accel.

26 Radial accelerometer

27 28v battery monitor

26 12v battery monitor
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VEHICLE 0EMOUT

Some .erF- revere Interference problems were encountered during cneckout

of the Javelir ;ayload. Because of the severity of these interferences,

_ geen here to their cause and effect. The complete experiment

including tv.e.ry antennas, whip, and telescoping antennas were covered

by the pay>v heat shield (see Figure 18) because of the exceptionally

high veloc:Z achxeved by the Javelin rocket during ascent and because of

limited space. After the vehicle leaves the dense portions of the atmosphere,

this heaz shield Is ejected and the payload telescoping and whip antennas

erect. This physically requires that the telemetry antennas be mounted on

the side panels of the instrument rack as shown in Figure 18. This mounting

configuration appeared to yield satisfactory antenna patterns, but the

unshielded wiring configuration and sone experinent configuraticns created

serious telemetry interference problems. The numerous joints in the panels

appear to have caused some nonlinearity and there was consi.detable mixing

of the two telemetry frequencies. The difference frequency of the two

tran-saitters (8.8 Mnhz) was within the sensitivity range of several of the

experiments. Host of the interference problems were eliminated through the

use of RF filters, but the resulting difference frequency made the antenna

current nonitor fox the clectron temperature probe completely inoperative;

hence, this pa-t of the experiment was not included within the payload.

FLIGHIT RESULTS

The Javelin rocket (39.191) was launched from NASA/allops Island

Station, Wallops Island, Virginia, 2S June 1965, at 1623 Zulu time (1233

local time).

Two ground receivic st-tions were used in connection with the pulse-

phase experiment. The first, ac Wallops Island, was located approximately

five miles from the launcher. The second was located down range at the



43

NASA facility at Coopers Island, Bermuda. Data from the standing wave

impedance probe and electron zemperature probe were carried by standard

FH/pH telemetry and were recorded at both sites.

At the time of launch, all experiments operated normally and con-

tinued to do so until the rocket fourth stage ignition at T + 63 sec. At

that time, the ll.5-Hhz transmitter failed and remained inoperative for

the remainder of the flight. All other equipment associated with the

pulse-phase experiment functioned normally throughout the flight and

usable signals were received at both ground stations. No useful data were

collected from the pulse-phase experiment because of the failure of the

11.5-Whz transmitter.

Quick look consideration of telemetry records of the standing

wave imedance probe and the electron temperature probe indicated that

normal operation occurred tbroughout the flight and useful data resulted

from those experisents. Extensive data reduction and analysis has not

been accomplished to date, however, since it is of low prior!.y because

of failure to obtain the prime objectives of the experiment.

4

Ii
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III. LINE CALIBRATION INIOfW2ION

A. Simulated Telemetry Load 6pen

B. Calibration Box

1. No. 1 For .3 'hz

2. No. 1 For .6 I1hz

C. RF Voltage Level at Antenna Jacks

1. P.P. at 11hz

2. P.P. at llhz

IV. CIRCUIT BOARDS

NAME MODEL AND SERIAL NO.
Tn"P.d line TL-.5-114

.3 ML Ose. 0-3-2

Osc. Switch S-2-4

Switch driver D-1-10

Freq. Switch FS-l-l

-6 V regulator VR-1-1

.6 Wnz Os. 0-3-3

Comments:

___________________
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3.052.6 _ 1. 08 k.812* 1 1 3.00121 1.37

412 3.83 4.17 4.. 4.04 I .48 .13 1 .52 1 -791 1.06 1 _ 1.2 _1_.3

'_.::11z 2. . 1.33 1.081 .841 .70 .55

.33 .71 .08 .72 2.94 13.05 3.o 5-_ ___ 2.9 2.88

0 . .0 36 4.0 _.26 1.a84 .36_ .121__ __ .14
o71 2.5i 2.70 2.58 2.45 2.37'2.27

j-isI .3 1.3 1.7 31 ___ __ __ -_ 213 __6 v -- _ .__ ! I-
Reactncefl 2 3 _ j 51 1 1 1 1 0

Reactancel i 2 13 h 1 6 7 18 19 i0 !o

12.85 1 2.441 1.32 -9 2-13 . . 8 2.97 1 3.07 1

=I 2.85 3..91 1.

S2 3.95 4.101j4-01 3 .4 .04 .95 .34 1.59 3 1.96 2.09

139 I __ 3.41 . __1 __91 1.61

6. 2.07_ 12.73 1.68 _

7. 3.1 . 1.78

S4 Is 6

Reactance8 2 3 6 7 8 1.19 o U

4-1 . _ _ _

Record Reactance Values:

Reactance 1 2 3 4 5 6 7 8 9 10 11
Value ~+jQO ! +j75 I+j 50 t +j5I~-1001 151-20-30

Open Short 50 si

1. 3.08 .02 1.68
2. 1.64 3.19 1.61
3. .26 3.91 1.58
4. 2.73 1.70 1.73
5. .41 3.91 1.61
6. 2.07 2.73 1.68
7. 3.12 .12 1.78

8. 2.33 2.37 1.71

0 __



Upper Air Beerch 55
Form No. 100A
Date Aug. 27. 1965

VI ThFFE)D LTRE CALIB.ITIDi

Frequency .6 '.%z

React" :e 1 2 3 h 5 6 7 8 9 10 .2,, 0 9]
.12.27 [.71 ! 1 2.441 i2.70 2.83 I2.95 1 3.01 1 3.07

W.2 I A A -, 7 .7 C - n. 1 *' q

12.32.73 12.19 5 2.83 2.32 11.65 11.30! .07 I .s4 70
C., C1.25 .77 .50, -7a 2.68 2.015 2.98 2.97 1 ;95-1 2.93 12.90

* -

i:5 7 .5.°1.61:: I ___ __ ___

95_ ___ 3.17 316 1.66 .76 .37 -14 10.0 1 .3 1

___ e 1 2 _ 4 .74

U, . ____ ____ -I _____

-4 -I I I

RedReactance Values:i ~I______ ___ __

1 2.53 2.06 1.2 .88 1.99 I2.62 2.32.94 3.04 3.0 3.13

___23.4 3.34 13.09 12.7-11 .31 r .95 1.33 1 158 11.83 11.97 2.12

Reactance.6 7 8 9 10 ii_

Vaiu I D!+.+7 +~ I i , I . I- o.-7 I-.+oi .+,o -+o l +o

_ _ _ _ _ _ t _ _ _ _ _ _" -

2 I _ _ _ _ _ _ _ _ _
0_ _ _ _ _ _ _I_ _

>____ ____ ____ ____

Reactancel 1 2 3 4_ 6_ 7 _ 8 _ 9___1

Value _ _OO ,1 5 J5 +j2 -j2 1J5 _ _- 7_ 2_ 0_0 _7 3_ 0_0

h21 I__ I__I_ __ _ "OWN"_



56 fir--r A=.r Fesearch

R .c~we - 3 __A_..27, 1,

1.75 j 1 .73 2 .37 2.63 2.79 2-412 2.98 3.0

1 -- 3.00 2.87 2.57 -, -28 .258 -9 05 I.i . 1.37

1. 5 1.90 2.17 2.371 2.07 11.56 1.27 1.0 -83 .70 .5

1.34 1.01 .951 1U 12.5j 2.8$3 2.90 2.92 2.92 2.90 2.88

S 2.37 2.57 2.67 2.64 1.49 [ .74 .37 .16 .02 0 014

.63 .75 1.06 1.50 2.60 2.65 2.58 2.51 2.42 2.36

Roctonce -1 3 I__ U_ ____

I _ -. _ _ ... . .

2.04 166 128 1.95
2.44~ 1-_ __ .j2.4_ _290 3.0 4: 3.10j

~2 !2I27 ! .7f181

2 3 .0 3-05 2.7 2.35 1 .61 1.00 1 3 - -,

Reactaence 1 2 3 h 5 6 7 8 9 10 11

Recac 1_ 2 5 1 _0_i

,a, , ! ____ +j75 _j5_ +j25 _--2 ___ 75_- -O0 1 -j150! .i200 -i3 o

-- _'_--7 - - . .... . .. . . .-.. ..- -_ . . - --- --



_,7

ASSIGr-D TO ?PiBE IiO. TL-.3-.6-AR-83 Date July 20, 1965

Line NO. TL- .5-114 Operator Paul A. Shaffer

Output Voltgne £rom Generator 1.5 G. Reading

FIX M___ I'EZ 11.46 1 FR

_ _~ ~ -_ F~ FBQ. .I
end) -t[ Pin No. 5 %

1.WTP 8 I.61! 1.5*4 1 •25 2.58 1 .46

12 .33111.580. 26 J .4 1.45
3_ _ _-_169 1-60 . __• __ 2.21 .44

.333 161J':28 2.01 K1L. 44_1 5 s .,, 71 .62 1 .65 . 129 sWn,. 3 1.31 1.44

1.1p8 1.70 31 . 1.38 1.46
____" j 1.44 1.71 . 32 , 1.13 1.48

0SWIP 61 1.64 I 1.72 . 3 SwIP 2 .86 1.50

__ __ __ 1 .RQ t 1.72 3__ _ _ 14 ___.57'_ 1.50

1_ I 2.11 1.72 .135 . .271 1.50

12 2.30 1.72 • . 36 . .052 1 .52

I 13 I 2.49 1 1.71 1 137 . .311 1.55

S4 SWIP 51 2.63 1 1.71 . 138 SIP L .62, 1.59

15 12.77 1.70 . .1•1.i , I 2.88 I 1.68.- I!

:, I 18 3.00 .61 • I •
11•. 1 1I 9 _ _ I __ _I__ _ _ _

20 3.00 154 . . .I

21 .8 , .4 . .22 2 .90 1 .50..

23 2.81 1..50 . I
24, SWIP L 2.70 1 1.48 • _ • , •

* Maxixnum or minimum voltage or. the line

1o9-/65



__ --_- - '-- 
_  

... -- -

-AS$IGNED TO B0B NO. TL-. 3-. 6-AR-83 Date July 20, 1965

Lne io. TL-.5-114 Operator Paul A. Shaffer

- Output Voltage f roi Ge-nerator 1.5

l(wumbex -d L. ___ __

- end). Pii JRo.',2
eI SW1P . ,82 1 1.59 25 2 2.11 1 62

2 ! 1:40 1.59 26 . 2.49 I 1.61

.89 1:6 61 2.2

. _, !.374 1.62 .2 . 2.90 -1.59

4 5WIPj T .321 f1.67 - . j29IP 3 2.98 1.55

I .86 1.69 . 130. 2.91 1.52
___ __ _ 1.39 1.69 .31 1 *__ __- 150

i___ 181 1.69 . 32. 2.54 1._

- SWIP 6 2.21 .1.68 133 SWIP 2 2.22 1.49

-o 10 .,.-- 2.55 .66 . 34 , 1.82 1.48

2.79 1.62 13. 5 1.41 1.49

12 2.90 1.60 _____ 36 £88 1.50

13 2.91 1.58 . -137 .. 302 1 .52
! I . .

1 14 SWIP 51 2.86 1.52 138 SWI' 1 2.69 154

1 15 2.69 1.51 .. ._____ _ _ _ _

16 __ 2.39 1.50 .. _____

- 17 12.00 1.50 . .

___ ___ __ 2.53__ 1.50 __ _ _ _ _ _ _ _ _ _ _ _ _ _18 1 .0 1:52

20 .52 1.56

21 . 1.59

2j .66 , 1.60

211.21 1.2j

24 WIP 4 1.68 1.63 .. - .

* W5,ximmu, or minimum voltage on the line

lo9-'4/65
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4i

0 U 0

_ _ _ _ _ -- _ _ _ _ )

M :f

71 ___ 0* -NT__ IT -3

I~ _ _ _ - --V-

C%; ec .co. IL I

Li -A C t*-1) )1

+-,- + 'p, I10

LI c) j. 7r nL-i ** r-.. c-,-

c .) C4c COC

I-. *47 *.-1 *9, *r +9

L-4 C4 Li

(Y) M.

Lio 4J (~ o 041

U-4 C.) 1

0 0 H 0 C14
*,-4 (a

f4. p,
*~~ ~~~ 0.~_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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i'.

4J7'.

-4 in 4,4

0)0

V______ ________ ____________x_

'.n 0 0 0t

C'_ _ __ _ _c

14

0 1- HIC

W4J 4r -X 4: Ic
(7.0 ince
H H '.'. 14 04-4

4,4 *f 49,9

oo I4Jn
0 T,0' 'If~

%0 %0 c'a M L- H0

* l H r4Hn0

qlI In 0

0 r4
5.4 -

14 U

0 A to
Z 0N

a 41' 4-0 0
Q0 -r 4 u WN N

0 41 0 ~
0- W0 0)4

p 

14 
0) 

0 .0 0Z 0- 0..t

ri) a

U) I
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Date Recorded I July. 1965

By Rulon K. Linford-

Vehicle: rl-pe Satel lifte

Number 0V2-3

Diameter 2' x 2' square

Length 2'

irregularities See John Hyatt's Notebook of Diagrams

Syste: Balanced L Unbal-anced i

Antenna: Type DeHavil land Tape

Length 29' 6" (from top of antenna mount)

Detailed description (Material, wire diameter, etc.):

Beryllium copper tape

Mounting: Type DeHavilland 30' tape

Standard Not Standard

Antenna Cable Length 12"

Position: Distance from Nose to Antenna vtater -----

If not centered, explai. Cente,'cd between two edges 7" from

the top to the antenna center.

Other necessary dimensions Metal cover placed over the

antenna mount. See DraMng No. BME 52-395

Experiment: SWIP_-__

Frequencies of operation: 300 ; 600 1_,,.

112-'8/65
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fri4giau date recorded In NDLdbm 2-s K. UIC! i -i1

rw 5 ft" 17 jIti I 'i

I'reqomqf ii "a*: Crrxvtd Uta&eace
(Anut. abmut capL-seiuac-- inclu4ed)I

I ~2 - ; 92 I
_ - ~i -;

5.0 -3 IC-5

Xatchin W-wIx ici. Vle ce --iAJhrsinsk~-bc- o

- -- f Ilk~ - !5Y2Z
.........§O IJ 1

AllTimed I___ ____ ____

I______________ -
6l~i2*

j 2 OO -hz ~5i-j 5

Appove by_-j 3



-~ 63

Jo. U 10- jzclude1

_______ .I-jl.23

Pff"Poeicy in*4 Ip-j51a

1 1 1.211"O

1: 3-3__ __3__9

I4 5-532-j256
8 10.9'-j4172

t ________________ 16-2-4J15
I~~~ _ _ _ _ _ _ _ _ _ _ _ _ __1.2 3 -4-J(
I I - ..-i___ ____ ___ _ a

Shunt VO!.acitlue: 33. 4h Antnn

* Final Tune-d tapedaknce:

Frequency impedance jImpedance
2. 1 Network T Network -F

7.2 j 38..5+j50 47. O+j 50

112a-7/66
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1. CEK. 1qft""Afox

viet "~e go. V3-2

Klectrqviic :#ox Codetl 1%r L-2-7.2-345

~~riut r~~'ie~2 Mua 7.2 '

- ~ w.. ~0.45 2.71

Line~b

Tvned Mntftm. IMedftwf *

R.F.. (Uable Ntr'~~. ________

F~. LescL.D*Ink -u'n&I to I~xpri7-vt box

C- LI Ext-rtl--t LO Rxjeiw,!t Irox 11 114-

D. TOW 1I gwutc 17 11,4"

UI. CkIJM&TLO TRY'IMIO

A. Liwrn M~y~eekou;-

t. IWrz -z <mosibie Ael (reen

2. Thft'.~_ __ _ _ __ _ _

3. - i of Call'bretica Data Data sheet

).Preer Data locatieri UA1RL

r5 KWetionie kt 3 lbts. 9 oz.

6. Current iOrhin K~3a Vltage 28 v

B. Field Check~out - Location _________

1. r:;urI5 Herponsible ____ ____

2. Datt -_ _ _ __ _ _ _ _

3. Form 4il' Calibration Dta_________

4. Present Data Location _________

MeI4asuremnts are for 1/2 dipole element
(Supercedes Form, No. 100)



U;-7- AIXr 5-1seach

Date ______

A. Simull.-td cti r.ry Lad_________

.O. 31i

2. V). 7-2 ,-z 12 por 7. 2 i=Z %~z

_____________F.P. at_________

2. 2.6 P.P. f~l 7.2

I- C1RWF BOMMJ

Nmm MODELAN SERIAL NO.

'--6i v re~ulator Vit-]-3

Sil. driver J D-1-12
Osc. 7.2 -12- 0-1-8

Diode Sw. -3-1

*Osc- 2 ::;z____ 0-3-12

Fret'. S-,zlch v s--1-3IFixed Line FL-3-122
Taned Line Th-3-.119

i.ii______________I _____________________T___tS____

Cxa?~eM-7-



t ei ..

_U I U r Air N-' -arch
Foim No. 101A
L iteDec. 11, 1965

VI TAFPET I.IXE C-.16LURATILOi

Ractice 1 2 3 _4 5 6 7 8 9 10 11. - - - ' - "1 " '. ...

. 2.36 1.39 .95 .52 !.70 ._01/ 4.07 1 3.96 3.91 3.78 "3.77

_ 02 . 14 1.98 3.1] 3.31 2.96 2.8 1 .58 7.',<It ,.J . - - __ ' . ..._ __ _ -- __

.1-2.01123 2.80! 3.26 1 1. 18 1.49 0.96 _ .80 _ 71
., a. ... --- - -T-

- i1,5 i 3.7 3.53_, [ .22 !2.66 I 2.,,0 12.51 2.9 . 0 J.o 3 ,.27 1.32
3.73 ,3.13 2.76 2.21 1.36 3.85 3.71 1 4.00_, 4.08 I4.09

Iactance 1 1 2 3 57. _ . __ 9 '1 1
2.34 1.44 1 1.US 80 .94. I ..... 4.. .236.. ..7_

cl7 7 .42 j66 1.15 1.84 j3.08 3.25 2.94 2.83 2w59 2.5
- I 1- I -.

3 1.13 1.92 22 -58 2.9 1 .1 1.4 .96 .52 5

2.91 3.22 3.28 3.28 3.16 .79 .52 1.01 1.16 !1.45 I 1.47
d-4 3.84 3.58 3.38 1 3.04 2.48_ 2.79 12.51 2.97 3.09 3_30-.3

4<' "00 5 -A - --

-F3 -0 2 -5 2.12 1 40 8 2 _ _ 3.0 I~~I:: I ,, , ,

Ch 6 3.70 3.03 . .65 - .3.65 3.92 3.99 4.08 4.09
Reactanc i i 2 3 4 5 6 8 9 10 i _

toi " __ • i 6j7- 1 1
.82 .62 .83 1.20 1.73 I 3.02 3 14- 2 .81 1 .

" O" - " 1 ... 4 .9
0, 1.82 1! 9 2. 04  2.29 2.53 1.16 1.43 .96 .,. . 7 .5

4 2.82 3.00 3.00 ,2.94 2.76 .82 .59 1.02 1.17 1.45 1. 47

0 3.74 13.38 3.15 2.81 2.32 5 2.47 2.95 3.08 J3.30 3.32

29 2.4_2.10 1___ _ 3.75 6 3.88 3.96 4.07 14.096 3 2.90 2.54 .57 3, .56 ° o
Recur(! Reactance Values:

Reactance 1 2 3 5 6 7 8 ,9 10 11

Valu.e +jo200 +Jl oo I +j5 0 +j25 -j.2 o j5 - oo!-12o0 L3o_ _



Utger Air PFesemrChoret NO- iOX 67

Dte Dec. 1., 1965

VI TAPPED LINE CAIMBPATIO

Frequency 7.2 '. hz

Reactance 1 2 3 5 6 7 8 9 10

01 3.42 3,23 2.92 2.25 1.66 1.15 2.46 3.64 A,27 4.32 4.26

1.531 1.74 2.00 2.43 2e;; 1 3.10 2.95 2.40 1.49 I1.25 1.2

0 2.58 2.45 2.1 - 1.5.5 1 1.30 1.85 3.35 4.24 432 4.17 3.99

C- 4 3.39 3.45 3.40 3.22 2.97 2.36 1.61 -2.47 2.77 2.98

-P 0.82 1.02 1.20 1.7 6 2.29 2.95 3.44 3-21 2.311 1.88 1.63

-- _ 3.48 3.33 3.14 2.62 2.03. v .98 1.321 2: -6 33-3.58'3.771, 3.82

Reactancel 3 5 - 7 8 9 -0

3.34 .1 6 2-87 2.25 1.65 1.25 2. 3.5.4 w_7 _

4, 2 1.5311.73 1:9: 2.50 2.743.01_2.821 2.32.2 11
Reo3 2.52 2.39 2 1.47 Val30 3 . .0 . AL IA-1 I-0

i . 3.351 3.39 3.31 3.26 2.85 2.29 -1.3 .4 24 .7 90

4J5 .691 .9 1 1.7812.2212.8613.26 3,05 ..z___
6 3 .44 330 3.07 2.66 1__95 1.03 1.36 25

2,T 3 5k _ 6 _'10 11
Reactance] I 131 9 __ _

3.29 n 3.18 3.89 2.38 2.00 17... 7 ..41.. 3 9 07 15
43 2 1.5411.?9 1.99 2.29 2.48 126 2.2- J-157 132 1-

0 3 2.50 2.39 2.10 1.73 1.67 1 196 L2.R.L&......S I -8j44s*.4a

.86 1.04 1.22 1.65 2_0 237 76_2_8-1359

6 3.36 3.23 12.97 2.42 _.9 3 --- 11 -8 35 U-
Record Reactance Values:

Reactance 1 2 3 11 5 6 7 8 9 10 i1

Value L i.5 - Z4! /3 Z L2 1 0i r9 CIA223 C5
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'68

AWORN MEASURF2IENTS

Date Recorded Jan- , 1966

Rulon K. Linford

Vehicle: Type Blue Scout Satellite

Nim~er 0V3-2

Diae ter 28"

Length 28 1/4"

Irregularities Tvo n~irs of bon . in thi' q~w bnrjzc nlpic_

and at 45* angles from SNIP antennas.

System:- Balanced 1ii] Unbalanced

Antenna: Tyze - De Uavilland

Length 30 ft

Detailed Description (Haterial, wire diameter, etc.):

Standard beryllium-copper strip

Mounting: Type De Uavilland antenna

Standard FR_. Not Standard ED
Poaition: Distance froa Nose to Antenna Center 14 1/8"

If not centered, explain

Antenna Cable Length_

Other necessary dimensions

Experiment: SWIP

Frequencies of Operation: 2 2iz end 7.2 '1z

Approved By_ 112-7/66



--G TO _- -ND

Ln no - _: Paul--.

- -f_

IS I .... 1 "-26 1- 0 --- , 1 ... .52: - = -:/ -:-:

-___ __ ......-

I _ i3 ! 2.50i-4 .0 -:

-up~t ,ot~ 2.~ 69 ._ o 1..5 " .5 - • - - • -

j fTAh1 2. 41 _ 1.4!05I4 • -:_

I j a ot.I 2.2!_ -. I; z:3 I . I

1-2 I 1,0 "I

I. ~~w~ 1,76 1,49 p 1,69 1.45 ___ _ __ -

I 2 sw , 1 z s2,.48 2.29 f .2 .A.4

_ 0 221 !.523 i,5 .48, 49 1 .2.1 1 .4 ,,- 77 1,44-

2.09 1.45 222 1.44 -

0 - .sw i -2.2 1 _ 45 _ _ _ 1.. ..4

2 8 1.457,914

tI

C--

___- __3 2.79 1 1.44 *2, 70 1.50

i7 2.79 11.44 2.5 .6150 I

151. SHIP 1.8 . 44 F 1. T 1.44 ___

2.841 .1.44 1.06 1.142
__ __ _ 2.S2e1 1.45 .214 1 .1'36

2.79 .44 1 9 1.50

1- 19 2.6 1.44 2.1,78 .45

--- 5o- -4--. -2

21. 1231, 2~J_ .49 1.4230-~
I .214 1.44 2.242 1.32

2-1_ __ _ 2 .6o.4 1 ! . 1.6 0 1
SWT 1 7 3 1 1.44 If 1.81.33___ __

Alai..a or-am otg nteln

*1 ____20SWIP 1 1.0 1.4 2.3 _______



--- _ .. ... I - ii ii

TO -- OB ;-0 --- "-- D3E O.. :---- . Sept 10, 1965

-YL -Opc'12.19r Paul . Sh-f fer

bt VOIUV~ to GeneV'itor 1.5 v
- I

(Tm1iA-M -5

1.26 1.52 .51 1.

.-_._ 1:: _:- ! ... .50 1 .52 .74 1.5o0 ,
zit__ : 1.79 1;51 1.61 1.48

-.. : __ _ _ 2.02 1.51 2 28 1.47 . __-- _.

5 2.26 1.50 2.53 1.46 . .

2.45 1.50 2.40 } 1.44. .
2.61 1.56 1,86 143 . .

I 2.73- 1 49 1.0 i1 144

iL 82 . 248  -17.45 ____ ___

-_, 1.48 1.10 1.48

2.91 t 1.48 _.7_.0 _I 2...90 1.47 .1 2.55 1.51 ____

13 2.2.47 2..5 1 .50

. 2.73 01.47 2.55 1.49 -/

1 15 _ 2.61 1.46 1 9 l% ,1.46 $ J

-_ _ 2.41 1.46 1:09 1.432*__

1____ 2.01 1 ,146 .98 _ 1,4 _____ ____

1.9 1,78 1; 461 1.81 I 1.34 . I_ _

1____ 150 1,52,38 1.32

211__ ,4 2. 2 1.3
V22 I .9-2 -1.45-11' 2.28 ___34

2)7 .59 145 159 35_ _ _ __

I 2~~1 .281 1 145 ji .74 1.___36 _____

4- 0-' ~- raiill vo3tue on the line

109-.'i/65
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N- nn

-1 0

I~ +.
r-i

. r)' 9 , 000I~ -D_ ______I__

+ + c c e +II~~~C -CA2 I -

"' G C % -- 4 :

-i__ _i

tf1to

! r 1 a , 1 1 f

a. 
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0

+i +. -. +
f-414

C14 CV)

U41

C-)41~3 I r4

tc) 4)

vi1

'a- 
(0 I

IAj 
M. -A



i<-+_:-;.+ ++Ona N' . o. l",OA

C~ D-tc Nov. 27, 1965
,_+ ~v--97:; P :IMTXG

JI4PED A CE PROBE EXPEIM " INFORMAiON

MWD CALIBRATION DATA

-I GENERA, INFORMRMION

Vebicle Code No. Javelin 19.191

- Electronics Box Code No. C-3.O-7.2-JA-7-

Experiment 'rPc - BaLanced

Experimelet Frequencies 3.0 Miz 7.2 "Mhz

----- 0.55 V 3.5 V.= = Corresponding Mode 11oit-Fe-

Tne Z.

Tuned Antenna Tuedance * _
Antenna Shunt Capacitance *

Ant__- I- Impedance Table No -

R.F. Cable Informution _-_

A. TyDC p-1R

B. Lengths Internal to FBxeriif-nt Box __5 _

C. Leng-ts &-cernal to 'xperiment Box _

D. Total L-nwths 48 1/2"

II. CALIBRATION INFORMATION

-A. labo atory Checkout

1. pertonc R eponsib].e Del Green

2. Date 11-27-65.

3. Forn of allbration Data Vsicorder

4. Present Data Location UARL

5. Eieet'ora-cs Box Wight 3 lb. 13 oz.

6. Current Drtin 260 ma Voltage 28 V

S. Field Checkout - Lrwation

1. Persow Reoponsible

2. O0 T.,"

3. Form uf" Calib,'ation Data

. present Data Location

Measurements are Lor I/2 dipole elent
(Supeeedes Form. 1o. 200)

I '. . . ..j:, .i -, , . ..



Upper Air ! Aerch -73

11-1, LINE CALAT.TI.ToNj W,. -i,4f4T1O

A. Simulated Telemetry Load.__________

B. Cal ibration B-ox

~l.o. 1or 3h
2. o. 2 or 7. 2 Mhz I-11hz

C. Me Vol tage Level at Anqtenna Jacks

____2_3__ P.P_ at 3 Mz41

2.- 3.0 _ ___P.P. at T.2- 1hz

!V. CIRCUIT BOARX)

NAME 140DEL AVD SERIAL 1NO.
11'ixr ine PL-S--1O1

COMlineCL-5-102

S~j. d-iver _____-1-4_______________

0___C.__Su__. S-1-4

Ose. 7.2 Mz I Q-)Q *

Cornments:



-- ,-_ -4,,_ -
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Uppei Ai exzr~k
-ma No. IM

_ y w-m mv . . ..i -_.a~

Atw ci bbm rbr ivkzowuws Test:

V81. @~ 11cal. Box 12

P" 150 o!,-315 I. I2 +In __ _ __ _ . __,!ln c ymr .... -wu'7 3M
-.. t -25_ !+ Ls- I +V

+ ,A
____ _____ [s ____II +A ______ i

-7I
______~Z __ _ _j3 __ __ _ __

I ! +t I " iI I -- --9- 3200 f -320 4-C3. Ii -'

+ J501 -1 0 + '-:_ _1
+ -UioO ! +:=.o T 0

-. . . . . I I .........

-3150 9 +J-10 + 1 i

3-A7o -U7 0 +2 iI i

-35- i -so , + L_____ _i.* -37 J20 -325+

-- 500 I_____. 0_
_o___, ____ _ _ __ __ I •1

-- 3150 + -_

- .. .. . . - .1i IC 2

,0+30] -J200 C332 + 1 _ _ _ _ _ _ _I _ _

! - .O2s! -350 0 I C5A " '

+ -J7o I I-- 75 I- - + L5

-320 .000 1T + L4 _ __ _ __ _ _

-+ -



75I 1C~S10W lMm EQw iumJWEm

ASIroD P 0- CL-3-7.2-JA-75 JXte Kay 14, 1965

Li= go. CL-5-02 Ornt.,or Paul A. SchaEfer

Cutput Voltoge frx Gn.e±-a.or 1.07

I NO ~. ~ . 12 fib= _____

em. ) __ __ _ _ _"_ _ __ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ _

I 1 j 1.01 1.07 " _ _I.2 _ .437 i1. j___ _

.310 I__

L 5 ! 1:38 .93 ...

I__ 1 1-0_1.5G ! O_._-

S- I . j _ _ _ __ . I .1.25 1.02
__ 75__ .02 ~ I________

"- ___ _ .62 1.01 .__ . I ... .

1 :~ ___ 1.20 f 1.02 ___ ___j _____

13= ' .54 1o'.0 I . _ " II

*1 ~1.68 f 104. T7__ ___

154 1 .02 ______,1 .

1 21 ' O "

p 65 j 97 __ _ _ _ . _ _

070 .94 ' ... f
911 2 ._ _ . . "___

* =15 1- .0,5

____ ____1.57 1 .9 ~ 1_ _ __I_ _ _

1.100 .461 ____I____
,:- -' o 2.O , o W ina voltage on -the line

_o_-_/05



-*~~~~-- 1. 7. JA- 75-

:-V CL3.O - 7.2 JA - Date April 7, 1965

- S.. to1 SphratrPaulA. Shaff er

'Output Vo~t-c r 4:cv, 0- :r-ritcr 1.5

i A " if IF- h .. .7.2 -hz _ .. . .

, I Short 5 ...

P______ 1 1.14 1-0 122 1 38

21 -1.4 3 1 1.73 1-. 36~ ___

42.30) 1.43 2.16 [134

___I2.46 [1.43 " 24 1.34 + ..
t .C, 2.59 1.42 . 2.53 1.34

_ _ 269 1. 42 2.50 1 .3

2.0 . 1.9 1.34i _ _ _ _ _1- I 2 ,69 1.42 2.30 - 1 .3 3 . .-
2189 I47 .I2 . 31._._,,_....l 2t 21.35 42'.340 1.30
2.0 i 1.42 1.480 1_ 3 _

14 T -i 2.59 1 .41 .960 1 :....

, ---- " 7-,I4 -3 0 t i3

t_ _ _ j_ _ 2.81l4 .48 T 1.30_ _ __ _

2.30 I 1.42 297 G 1.301 17 2._ 1___ _, '--1 3L_1

__ _" __ 1 2.90 1-42 9 13 2. 59 1 133

13 .75 1.42 23
i 1 I •_ _,__36 2 .33 7'._6

22 .1 38 2-9 11 00 .... .5
_2.564. .37i} .750 1.34

... . i . . . .. .

: -8-:L4- J;' i 372 ( 1.36 , U0 1 32

.36 20L.PJ _ _ _ _ _ _ _

:j: L ,, ....... o-, i--!. witagra on the line

::%: :109-4/65
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P-1 I~ I I

: t- tn f

'T1;- r pj r,-

-4 _ 4 14 _ _Z-

~~' ____ __ _ ___%__ _

cm

~~t in t n +I' 2 - - I

rq

M1t Cninlz C TA ;

C144 2
00 a.

cnf 1 0

0 0 0

'41 I I -
U))

0 -. Q) 0)

0 M I0

5-) *0 0

V) -- (Jg

fli .- N

I-.. __________ _________ _______4_
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AIk2NNA MFfSOQF"XFfl'

iate Recorded 23 I7vember 1963

1p, Rtlon K Linford - -

Vehicle: Type _- ve in

Diameter ] JJ . -

Length 101 in.

[rregularitscsNose skin ejected exposing rack.

System: Balanced 53 Uabalancdd I--

Antenna: Type - Ralph telescooing

Length 10 fc.- 1 314 in.

Detailed Description (Material, wire diaaeter, ei.-.):

Srandard

Mounting: Type Raloh telescoping (no gas cartridge)

Standard 10 Not Standard --J
Positi,u: Distance from Nose to Antenna Center second deck from

If//fq .'iqqfW i''/¢/lp'J1/Yirl, ton. Mounted on deck of rack rather than

the -,kin. Base also mounted on about a 100 wedqe. See Javelin-

di aram.

Antenna Cable Length 5 1/2 inches

Other necessary dimensions__

Experiment: SWIP

Frequencies of Operation: 3.0 Mhz and 7.2 Mhz

Approved By. 112-7/66



.2 _

-L : -e- -i..a

Orldinal data recorded - '.-'- 234 Rulon r1- Linfe-d

i2D 20 Wovewber 1965

Frequkmc. ; in U2iz Ccrrc ¢-c " - "

3 1 3. -i !?

1 , 2.5 -i 2470

6 2.3 -, 3._ 9 5'
i -

Si2.25-i 2S8
7 zI- ____ ___

- , 2.3- 2-43
_-_ __i0 3.4 -i M35

S"3.7 -1 7

1 ' 2 1 4.5 -4 165i1 _ _ _ i -i

________I 23~4

I Ii ________

r -- - 122

15 1 5.0-' 113

7.2 -2.3 -j 323

Shunt Capacitance: 28.2 pf.

Hatching Network: Circuit and Value-, • ",%. 6.-
To SWIP 0-- ------ ''---- -- ?''--O To Antenna

Camibion Coils

Final Tuned Impedance:

Frequency Irpedance Impedance

--- Network #1 Network No. 2

3 22 +j 50 21.5 +j 50

7.2 .... 30.5,+ 50 +29 +j 50

312a-7/ 66

_ - -" - - - - - - - - - -- -- -- - -- ----
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JAVELIN

Step Electron Temperature Probe

Vol~tage Calibration -Unit No. 100

Stek Voltage Out

1 +2.58 v

2 +2.10 v

3 +:. 55 v

4 +1.05 v

5 + .53 v

6 + .04 v

7 - .49 v

8 - .97 v



011 utpu1, Vol L... (CO DATrM Votsj[,j

--o 
-- -- 

-

-)8

I 1"Hi; .00 5.. -Q -005
. .s 7 9

-3 .4 "A J
.4 .554 5.5 .It2
-5 .563 Pe-: 5.6 .459 peak
. I6 .1.6 5.7 •431
.7 "5.0 .- 29
.. 13 5.9 .216
-9 .07 vSd]ey 6.0 .097 val'ley

1.0 .021 6. 1 .019 6.O~wiz
:1.1 .133 6.2 .072 .017v
1.2 .204 187
1.3 4t 6.4 .307
L. It -533 peak, 6.5 .408
1.5 .527 l.kl1Mlz 6.6 .450 peak,
1.6 .h25 .544v 6.7 .432 6.62mlz
1.7 .276 6.8 .356 52v
1..8 •115 6.9 -247
1.9 .012 valley, 7.0 -134
2.0 .O51 l.9)Uiz 7.1 .032 valley,
2.1 135 .03(v 7.2 .019 7.189tiz
2.2 .302 7.3 .067 .017v
2.3 .473 7.4 .152
2.4i .510 7.5 .245
2.5 •A9/ 7.6 . p
2.6 .399 7.7 J423
2.7 .254 7.8 .267
2.8 .106 7.9 .191
2.9 .020 valley, 0.0 .108
3.0 .037 2. 91Mz 6.1 .038 valley,
3.1 .147 .Ol3v 8.2 .020 8 .19MHz

.2 *2) 1.)4 .062 .019v

. 8.4 .141
3. .• 442 ptak, 3. 5 .224

. .392 3.4jMlz 8.6 .297
3.7' .2~24 •499v '--7 .330 peak

,130 8.8 •3215.9 .0,6 willey, 8.9 .267
4. 0 .022 3. .) -1z 9.0 ,202
4.1 .101 .o1 6 v 9.1 .113
4.2,, .226 9.2 .038 valley,
4." .359 9.3 .034 9,25M1z
4.4 .451 9.14 .104 .027v
4.5 .489 pea 9. .194
4.6 ,'.6 .277

. .382 9.7 .315 peak,
4.8 .277 9.8 .307 9.72M1z
h.9 .158 9.9 .263 .318v
5.0 .060 10.0 .197
5.1 .019 valley

IT ______
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, ,'.-. . r. ,..Y.. -. C't! ibnt, ion - JAVF IN Tu"mp-tirature Probe

I.F Aup) it-d,; = .I v dot k to Pcak

Fr OutpJt Volto (de)

.5 .707
1.0 .666
.5 .65

2.5 .500

3-5 .387
4.o -329
;' .5 .287
5.0 .252
, i5 .217C.0 .!
6. >.

7.0 .128
7.5 .100

;. 5 .o629.0 .049

9. 5 .37
10.0 .024



- JAVELIN unit no. 00

-- : _ --- 1W Voltace Calibration

.Mz 0 0 03 .-23 -37 -59 .83 1.08 1.34 1.63 1.91 2.1.9 2.48 2.72

-.25- 0.-05 .41 .81 1.07 1.44 l-&8 2.78 2.65 2.96 3.22 3.42 3.57 3.69
.10 0 .11 .56 1.o4 1.34 1.80 P-26 2.69 3.o4 3.30 3.h9 3.63 3-75 3.82

0 -5 01. .6L1i.11 'i.43 1.91 2.40 2.80 3.10 3.36 3.54 3.68 3.78 3.85
-1.0 0 .15 -64 ili4 1.46 1.93 2.110 2.83 3.15 3.39 3.57 3.69 3.79 3.86
2.5 o .!u .65 1.1J6 1.51L 1.95 2.47 2.88 3.17 3.4 3.58 3.71 3.80 3.87

5.0 0 .15 .63 1.13 1.46 1.90 2.40 2.85 3.15 3,140 3-57 3.69 3.78 3.85

j 7-5 0 .12 .55 1.07 1.45 1.69 2.110 2.83 3.14 3.39 3.56 3.68 3.76 3.82

.0.0 0 .08 .05 -.95 1.27 1.6P- 2.14 2.57 2.91 3.20 3.42 .7.58 3.70 3.76

If



2 April L966-

dAVJ,,LN - Vo] t-ge Mon- Te mp. Cal.

V T- V Out T!p.

'00 M[. .21 ,-. 3.25v +40*°O 1
;O " 3.-30

It 3.40 It

ItO 3. "

700 " 3.o "

[ z MIz ""3.45"
II 3.45

I M"17 3. 45
C3 42

3.42-II

3.42

0 " 3.42

2 "I 3.30 "

" " ~3. }.0-i ]

3.2o

1 " 3.00 +

11 2.70
-1- 3-30 Is

" " 3.20 -200C

" " 3. Ao -10

'I H3.240 0-
It I" 3. 50 +10
If I 3.50 +20

It 3.50 +50

3o40 +60
If 3.40 +70
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